Abstract-An industry wide survey of GNC sensors, namely star trackers, gyros, and sun sensors was undertaken last year, in which size, mass, power, and various performance metrics were recorded for each category. A multidimensional analysis was performed, looking at the spectrum of available sensors, with the intent of identifying gaps in the available capability range. Mission types that are not currently well served by the available components were discussed, as well as some missions that would be enabled by filling gaps in the component space. This paper continues that study, with a focus on reaction wheels and magnetometers, as well as with updates to the listings of star trackers, gyros, and sun sensors. Additionally, a framework for making the database available to the community at large, as well as the continued maintenance of this database and the analysis of its contents, is discussed.
INTRODUCTION
As part of the European Space Agency's (ESA) harmonisation process, ESA is regularly tasked with obtaining a clear picture of the available and state of the art ADCS hardware worldwide. This is then used, along with future mission needs, to put ESA's development roadmap into context. Databases of available ADCS equipment are also regularly called for during mission feasibility, pre phase A and phase A studies. NASA has similar needs for a clear picture of the current status of equipment supply within the US and the availability of non-US products for their own missions.
In addition to the needs of the Agencies, databases on available hardware are used by industry for their own trade offs for both commercial and institutional missions.
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Further, each individual entity (NASA, ESA, industry) has its own limitations (be it insight, manpower, or both) in data collection for the population of such databases With both NASA and ESA needing to update their databases at the same time, it was decided to combine the efforts and work together to assemble a common database that would be more complete than available time and effort would allow either to produce on their own.
This collaborative database population work follows from preliminary work done last year by the NASA Engineering Safety Center, in collaboration with Draper laboratory and a previous version of the ESA database. It has been extended in scope both by of the number of units included and in efforts to include historical data and products from outside of the EU and USA.
THE DATABASE
Due to the international makeup of the group performing this work (and similarly, the likely user base), some thought must be devoted not only to US export laws, but also EU laws and company privacy/secrecy issues. In order to be publishable without restriction (IT AR, EAR, or proprietary data), all data collection was done from publically available sources only. In other words, if it couldn't be found on the internet, it was not included in the database. Further, strong preference was given to company published datasheets whenever these were available. Occasionally, it was required to make use of other sources such as journal articles or company websites. In all cases, a copy of the original source information was taken and is linked to the database.
The database is currently populated with star trackers, sun sensors, gyros, magnetometers, and reaction wheels, although both NASA and ESA have interest in expanding this further in future work to include magnetic torquers, earth sensors, control moment gyros, and GNSS receivers.
Various metrics were recorded for each class of component.
These metrics were selected not only to aid in identifying technology trends and technology planning, but also to be useful to spacecraft engineers performing trade studies and selecting hardware for missions. Key performance metrics (dependent on type of hardware), mass, power consumption, and interface information were included. Other metrics were added to aid sorting and searching such as the maturitylflight heritage as well as links to the information sources.
The information was recorded in spreadsheet format as a Google Spreadsheet. This was done to allow the multiple contributors to enter and edit information simultaneously, something essential considering that multiple parties on opposite sides of the Atlantic were contributing.
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As can be seen in Figure 1 , not all fields are populated.
There is great variability in the amount and type of infonnation published in specification sheets across various suppliers, and sometimes even within a single supplier, with many missing key information on their product. As a result of this, we have focused our analysis on parameters for which we have better coverage.
Additional difficulties arise due to acquisitions within the aerospace industry. In some cases, the same physical sensor or actuator was entered into the database twice, under both the original manufacturers name and under the company that acquired them. These duplicate entries were removed from the database as they were discovered.
Analysis and the generation of plots was typically perfonned with a copy of the database exported to Microsoft Excel.
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RESULTS
Previous Findings
In the previous study perfonned by NASA Additionally, several gaps in the star tracker market place were identified, and some thoughts were expressed regarding missions that could be enabled by filling those gaps.
Trends in Interfaces
The database can also be used to infer trends on Avionics and to assist in data handling architecture trade offs. Looking to the ADCS equipment database as it now stands -and acknowledging that this is still missing information in some areas -one can see the actual supply situation (or at least 'availability' situation) for data interfaces (Figure 3 ).
There are some notable differences.
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Figure 5 -Interface preference by region. Serial interfaces (RS-4XX) have become substantially more popular.
A further interesting point to note is that the USA supports, by far, the most diverse range of data interface standards on ADCS equipment. While a significant contribution to this comes from equipment designed for cubesats, there is still a large spread and lack of standardization. As can be seen in Figure 8 , The USA produces the greatest number of products as captured by this survey, with the EU following closely. However, the EU has a larger number of companies providing spacecraft hardware, as shown in producing reaction wheels in a given size range. Mass (kg) Figure 11 -Momentum storage capacity vs unit mass for reaction wheels. There appears to be a clear frontier of performance. Published specifications for products above the frontier line are suspect.
Power Interfaces
As shown in Figure 11 , plotting momentum storage versus mass appears to indicate a clear threshold of performance.
There are many wheels that ride along this threshold -those that do not are either old models out of production or are high-torque designs. There are 4 wheels that surpass this threshold -one of which clearly has an error on the spec sheet. The others were advertised by a company that no longer exists, and likely never produced flight hardware .
These wheels utilized carbon-composite rotors, indicating that it may be worth investigating the source of the current performance threshold, and whether lighter and stronger rotors may be of benefit, or if this is a red herring. This plot shows that momentum storage as a function of unit mass is unlikely to become a key selling point, as it is highly physics limited, and that to out-sell other products, reliability, cost, and other performance characteristics will be the likely drivers. 
DISCUSSION
Known Shortcomings
As previously mentioned, there were some difficulties Another difficulty encountered concerned the collection of historical sensor data, which is useful in identifying trends.
Many of these sensors are of pre-internet vintage.
Information regarding these sensors in some cases came from paper copies of spec sheets in the possession of the authors, or journal papers and/or conference proceedings discussing their perfonnance. In many cases the information regarding these older components is incomplete.
Due the expanded geographic coverage in this iteration of the database, language became an issue. Certain regions (mainly China and Russia) have far fewer components in the database than would be expected. We attribute this under representation, at least partially, to the lack of publicly available infonnation in English.
Next Steps
The immediate next step for this database is to host it on the NASA Engineering Network (NEN) for NASA-internal use by GN&C designers and spacecraft engineers. Publishing the database to a larger audience is planned, but there are some issues to be worked out. The biggest obstacle to public release by NASA is concern over IT AR and proprietary data issues. While the data collection effort was specifically structured to avoid these issues, IT AR still makes many people at NASA nervous, and all signs to date indicate that NASA will proceed slowly and carefully.
Ultimately, the vision for this database is that of a curated, open-source database that is a resource for the community.
Participation by hardware vendors as well as users will directly address many of the shortcomings identified in the database as it currently exists. Hardware specific templates (i.e. separate templates for star trackers, reaction wheels, etc) submitted by vendors would go a long way towards addressing the issues of data completeness and homogeneity. Allowing the community at large to submit information (curated by database administrators) could provide missing infonnation on hardware that is out of production, giving a complete chronological picture of the GNC hardware market, which would be useful in identifying trends.
Community involvement is also desired to aid in analyzing and making sense of the database as it continues to grow.
The analysis presented in this paper represents only a fraction of the total analysis done to date, and that analysis was motivated by some very specific goals. It is expected that we have only scratched the surface, and that the community will make use of this data using a variety of tools and methodologies for GNC technology planning, benchmarking, and trend identification.
Conclusion
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